Background: Mycobacterial culture is the gold standard test for diagnosing tuberculosis (TB), but it is time-consuming. Polymerase chain reaction (PCR) is a highly sensitive and specific method that can reduce the time required for diagnosis. The diagnostic efficacy of PCR differs, so this study determined the actual sensitivity of TB-PCR in tissue specimens. Methods: We retrospectively reviewed 574 cases. The results of the nested PCR of the IS6110 gene, mycobacterial culture, TB-specific antigen-induced interferon-γ release assay (IGRA), acid-fast bacilli (AFB) staining, and histological findings were evaluated. Results: The positivity rates were 17.6% for PCR, 3.3% for the AFB stain, 22.2% for mycobacterial culture, and 55.4% for IGRA. PCR had a low sensitivity (51.1%) and a high specificity (86.3%) based on the culture results of other studies. The sensitivity was higher (65.5%) in cases with necrotizing granuloma but showed the highest sensitivity (66.7%) in those with necrosis only. The concordance rate between the methods indicated that PCR was the best method compared to mycobacterial culture, and the concordance rate increased for the methods using positive result for PCR or histologic features. Conclusions: PCR of tissue specimens is a good alternative to detect tuberculosis, but it may not be as sensitive as previously suggested. Its reliability may also be influenced by some histological features. Our data showed a higher sensitivity when specimens contained necrosis, which indicated that only specimens with necrosis should be used for PCR to detect tuberculosis.
▒ ORIGINAL ARTICLE ▒ Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (MTB) that remains one of the world's most important health problems due to its high risk of complications, mortality, and infectivity. TB was initially considered untreatable, but effective drug regimens that have been developed since the 1940s have increased the treatment success rates to 85%. A rapid and reliable diagnosis of TB is essential to provide proper treatment, avoid severe complications, and prevent disease dissemination.
Among the many traditional diagnostic methods, mycobacterial culture is the gold standard due to its high sensitivity and specificity, but results take 2-6 weeks, and the sensitivity varies with the number of organisms cultured. 1, 2 Therefore, a less time-consuming method with a high sensitivity and specificity is desirable, such as the nucleic acid amplification technique that has been applied to diagnose TB. 3 Identifying a repetitive sequence in MTB using polymerase chain reaction (PCR) analysis would reduce the time needed to obtain results. 4, 5 Clinicians consider invasive procedures to obtain tissue specimens when a proper diagnosis cannot be made using noninvasive techniques. 6 Tissue specimens can be obtained by surgical resection or biopsy, and histological features help to rule out diseases that mimic TB. The typical histological findings of TB are granulomatous inflammation with central caseous necrosis. However, many diseases can cause similar changes, making it difficult to diagnose TB using histological findings alone. In addition, identifying the rod-shaped MTB bacilli using acid-fast bacilli (AFB) staining of a tissue specimen can be helpful, but it has a low sensitivity; the required fixative fluids and organic solvents can lower the sensitivity even further. 7 If bacilli are not identified in the tissue specimen, PCR can be performed. Most specimens are formalin-fixed, which is inadequate for a culture study. In contrast, PCR is carried out to target nucleic acid sequences unique to the bacteria and therefore requires tissue specimens.
The genome of the MTB complex contains various genes, including IS6110, an insertion element. According to a prior study, the amplification of IS6110 reached a higher sensitivity than other genes in paraffin-embedded tissue specimens. 8 IS6110 is exclusively found in MTB but not in other species of mycobacteria, so it has become an important diagnostic tool for the identification of MTB. [9] [10] [11] [12] Therefore, nested PCR for IS6110 is now the most effective method to detect TB in formalin-fixed, paraffin-embedded tissue 13 with a high sensitivity (58%-100%) and specificity (75%-100%), but some studies have reported variable PCR sensitivities. [14] [15] [16] [17] [18] [19] [20] As a result, our study was planned to determine the clinical usefulness of nested PCR in practically selected cases and also to compare these results to other methods, including culture results.
MATERIALS AND METHODS

Cases
We retrospectively searched cases in which tissue was obtained. We included patients with a clinical suspicion of TB as well as those without. We selected cases that had been investigated for TB using mycobacterial culture, the TB specific antigen-induced interferon-γ release assay (IGRA), and AFB staining and collected their results to compare with the PCR results of the tissue specimens. In total, 574 formalin-fixed paraffin-embedded samples were obtained from Korea University Anam Hospital (Seoul, Korea) between January 2009 and December 2013. This study was approved by the Institutional Review Board of Korea University Anam Hospital (AN15200-002).
All tissues were fixed in 10% formalin or 4% formaldehyde. We reviewed the slides for their histological findings after hematoxylin and eosin staining. Additional AFB staining was performed on some slides to detect Mycobacterium bacilli. We considered the AFB staining results positive when at least one bacillus was found.
Nested PCR
Tissue preprocessing
Ten pieces of 5-7-μm-thick sections were cut from the formalin-fixed, paraffin-embedded block and collected in 1.5-mL microcentrifuge tubes for the nested PCR. Tissue microdissection was not performed. A 1,000 μL aliquot of 1 × phosphate buffered saline was added to remove the paraffin; the mixture was vortex mixed for 10 seconds and then allowed to stand at 75°C for 2 minutes before being centrifuged for 2 minutes at 13,000 rpm. The paraffin and supernatant were removed. These steps were repeated twice more after adding 1 mL of sterile distilled water.
DNA extraction
The DNA was extracted and nested PCR was performed using an NTM&MTB PCR Kit (BioSewoom Inc., Seoul, Korea) according to the manufacturer's instructions. A 50-μL aliquot of a DNA extraction buffer was added to the preprocessed specimen, and then the mixture was vortex mixed and allowed to stand at 56°C for 15 minutes, followed by thorough mixing. Next, the mixture was placed on a heating block at 100°C for 8 minutes and cooled by mixing for 20 seconds. The mixture was centrifuged for 2 minutes at 13,000 rpm, and the 4-μL upper portion of the supernatant was used.
Nested PCR for IS6110
A 0.5-μL aliquot of enzymes and a mixture of Taq polymerase and buffer were added to 15.5 μL of a mixture of the primers of both MTB and NTM, dNTPs, buffer, and pink dye. Next, 4.0 μL of the extracted DNA were added to the reaction mixture for the first PCR round. Positive and negative controls were used. After the first PCR round, 18.0 μL of the first PCR round product and 0.5 μL of the second PCR round enzyme were mixed with 1.5 μL of the first PCR round product. Both PCR cycles were conducted with an initial 4-minute denaturation step at 95°C, three repeating cycles of 30 seconds each at 94°C, 65°C, and 72°C, followed by 35 cycles of 30 seconds at 94°C, 68°C, and 72°C, and 5 minutes of the final extension at 72°C for 30 seconds. The third cycle was repeated 25 times instead of the 35 cycles that took place during the second PCR round.
PCR products
A 5-10-μL aliquot of the PCR product was resolved on 1.5%-2% agarose gels. The products were visualized by ultraviolet transillumination and compared to the positive control.
Other methods used to detect TB Different fluid specimens were obtained, decontaminated with 4% NaOH, and used for mycobacterial culture. Whole blood that had been obtained from a patient was used for the IGRA, and the interferon-gamma level was assessed via an enzyme immunoassay.
Statistical analysis
We considered patients with culture-positive results to be patients with TB. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for PCR as well as the other methods. We compared the results from the surgical specimens with those of the biopsy specimens to detect the influence of sampling. Concordance between the results from different methods was assessed using the к coefficient (к >0.75, excellent agreement; 0.75 ≥ к ≥ 0.40, fair to good agreement; к< 0.40, poor agreement). Analyses were performed using the SPSS ver. 20.0 (IBM Co., Armonk, NY, USA).
RESULTS
Clinicopathological characteristics of the cases
The median patient age was 50.3 years (range, 2 to 89 years); 293 cases (51.0%) were male, and 281 participants (49.0%) were female. A total of 239 specimens (41.6%), were obtained by surgical resection, while 335 (58.4%) were procured through biopsy, including 198 (34.5%) from the gastrointestinal tract (colon, stomach, terminal ileum, and duodenum), 108 (18.8%) from the bone, joints, or soft tissue, 86 (15.0%) from the lymph nodes, 73 (12.7%) from the lung or bronchus, 29 (5.1%) from the pleura, and 31 (5.4%) from the skin ( Table 1) .
Analysis of PCR and other methods compared to culture PCR was performed on tissue specimens from all cases (n = 574), and 17.6% (n = 101) were positive for TB, whereas 82.4% (n = 473) were negative (Fig. 1C) . Among the 574 tissue specimens, 233 underwent AFB staining; only 3.3% (n = 8) had a positive result. In all, 405 cases were cultured, with a positivity rate of 22.2%. The IGRA-positive rate was 55.4% ( Table 2) .
As mycobacterial culture is the gold standard for TB diagnosis,
we calculated the accuracy of each method compared to the mycobacterial culture results to determine the diagnostic yield (Table 3 ). The PCR sensitivity and specificity were 51.1% and 86.3%, respectively. The PPV was 51.7%, and the NPV was 86.1%, indicating low sensitivity and high specificity compared to prior data. [14] [15] [16] [17] [18] [19] [20] The sensitivity of AFB-stained specimens was 12.5%, and the specificity was 98.4%. The PPV was 75.0%, while the NPV was 72.4%.
A comparison of PCR and AFB staining of tissue specimens according to their histological features PCR and AFB staining were performed on the same tissue specimens, so we compared the results of the two methods. Among the eight AFB stain-positive cases (Fig. 1B) , six (75.0%) were PCR-positive and two (25.0%) were PCR-negative. Out of the 225 AFB stain-negative cases, 31 (13.8%) were PCR-positive while 194 (86.2%) were PCR-negative.
A review of the hematoxylin and eosin slides (Fig. 1A) revealed the histological findings of necrotizing granulomatous inflammation, which suggests the possibility of TB, in 158 cases (27.5%). Among these, 95 cases (16.6%) had non-necrotizing granulomas, while 45 (7.8%) were diagnosed with necrosis without granuloma. In total, 276 cases (48.1%) had no granuloma or necrosis (Table 1) . Only 405 of the 574 cases were used to compare the histological findings (Table 4) . Based on the culture results, our data showed different diagnostic values depending on the histologic findings.
Specimens with necrotizing granulomatous inflammation had a sensitivity of 65.5%, a specificity of 57.9%, a PPV of 52.9%, and an NPV of 69.8%. For specimens with non-necrotizing granuloma only, the sensitivity was 26.3%, the specificity was 81.0, the PPV was 38.5%, and the NPV was 70.8%, while those specimens with necrosis only had a sensitivity of 66.7%, a specificity of 91.4%, a PPV of 40.0%, and an NPV of 97.0%. The sensitivity was 23.1%, the specificity was 98.8%, the PPV was 60.0%, and the NPV was 94.2% for specimens without granuloma or necrosis. Specimens with necrotizing granulomatous inflammation and with necrosis only showed a higher sensitivity than all others. The latter revealed a higher specificity, while the former had the lowest specificity. The highest specificity was found in specimens without granuloma or necrosis; these cases demonstrated not only the highest PPV but also a high NPV. Specimens with necrotizing granulomatous inflammation were found to have a high PPV, and NPV was also high in specimens with necrosis only. 
Concordance rate between methods
The concordance rate between the methods was assessed using the к coefficient. None of the methods had excellent agreement with the cultures. When correlating was carried out based on the culture results, PCR was the best method (k = 0.376), and the concordance rate increased for the method that used a positive result for the PCR or histologic features (k = 0388). However, PCR alone had a better concordance rate (k = 0.442) with the histological findings (Table 5) .
DISCUSSION
TB remains an important health problem, even though the cure rate has increased and the incidence has dropped. 6 As a rapid and sensitive method to detect TB, PCR was able to eliminate the disadvantages of mycobacterial culture. [3] [4] [5] However, efficacy assessments for diagnosing TB by PCR differ. Our study evaluated the use of PCR in paraffin-embedded tissue specimens to diagnose TB.
The sensitivity of PCR for the IS6110 insertion sequence was 51.1% in tissue specimens, which is lower than that reported by previous studies (58%-100%) (Table 6) 14-20 and suggests that PCR alone may have had a relatively lower sensitivity for the patients in our study than any previous results in TB-suspected patients.
The low sensitivity of PCR in our study can be explained in several ways. First, the quantity of DNA in the tissue specimens may have been insufficient for a proper evaluation. If a specimen contained a smaller number of bacteria, the bacilli may not have Values are presented as number (%). PCR, polymerase chain reaction; AFB, acid-fast bacilli; IGRA, tuberculosisspecific antigen-induced interferon gamma release assay.
been included in the section used for PCR. The possibility of bacilli being contained in a biopsy specimen was lower because of the small sample size. In our study, isolating TB using the PCR resulted in a significantly different sensitivity between the surgical and biopsy specimens (59.5% vs 43.8%), which supports this notion and is consistent with previous reports, 14, 21 indicating that false-negative PCR results may occur due to an inadequate amount of biopsy tissue. Additionally, surgical specimen samples may contain various components, including normal tissue and various inhibitors of PCR amplification. 22 These inhibitors can be removed by dilution, but this process also reduces the amount of target DNA, resulting in a low possibility of detecting DNA. 22 Therefore, obtaining a pure DNA extent is important; so tissue microdissection to isolate the necrotizing granulomatous inflammatory area can overcome it. According to Ryan et al., 23 40% of cases that use microdissected tissue detected 155 bp fragments in the IS900 region, while 20% of cases employed entire sections of paraffin-embedded tissue blocks. However, we did not perform the tissue microdissection, so the possibility of detecting TB-DNA becomes lower. 22 Second, low DNA quality can lead to low sensitivity. The extent of formalin penetration and fixation time are important factors when recovering DNA from fixed tissues. 21 A long formalin exposure time will cause DNA fragmentation and decrease the DNA's quality. Studies on the effect of a longer fixation time on DNA amplification products in tissue specimens have revealed that DNA has a greater chance of damage and fragmentation, so shorter DNA fragments are typically extracted from formalin-fixed tissue as time goes on. 24, 25 Successful amplification occurred after 2-24-hour formalin exposure times. 25 Third, some cases may not have contained the IS6110 element. The target was the IS6110 sequence, 12, 26 which is specific for most MTB complex bacilli (Mycobacterium bacilli, Mycobacterium bovis, Mycobacterium bovis bacillus Calmette-Guerin, Mycobacterium africanum, and Mycobacterium microti). However, the copy number of the sequence inserted into each bacillus genome varied from 0 to 30 depending on the organism. 27, 28 PCR can detect 10 fg or two bacilli in a tissue specimen; 13 however, specimens without the IS6110 element will always be negative. 2, 27, 28 PPV, positive predictive value; NPV, negative predictive value; PCR, polymerase chain reaction; AFB, acid-fast bacilli; IGRA, tuberculosis-specific antigen-induced interferon gamma release assay. PCR, polymerase chain reaction; IGRA, tuberculosis-specific antigen-induced interferon gamma release assay; AFB, acid-fast bacilli.
Furthermore, a false-positive nested PCR result can occur in a tissue specimen. Nested PCR requires additional steps compared to PCR conducted in a single tube, 29 so it is very sensitive even for paraffin-embedded tissue specimens. However, the extra steps may also result in contamination, causing a false-positive result.
5,30
The presence of a false-negative culture result can also affect the diagnostic efficiency of PCR. Nested PCR is so sensitive that it can detect residual DNA in a tissue specimen even after medical therapy. Salian et al. 19 suggested that healed TB granulomas can be PCR-positive, even though the culture and AFB staining were negative. Hernandez-Pando et al. 31 also suggested that MTB DNA is located in the macrophages and in other phagocytic cells, which can be important for eliminating latent and persistent bacilli. Among our 315 cases with negative culture results, 45 were PCR-positive and 32 cases showed necrotizing granulomatous inflammation. This finding suggests that the bacteria were not successfully isolated for culture and that additional PCR may help detect the TB bacteria. Miller et al. 32 explained that the higher sensitivity of PCR than culture is due to the increased number of viable organisms, whereas the presence of viable bacteria is crucial for culture. Therefore, they recommended combining bacterial culture and PCR to effectively diagnose TB.
As the diagnostic criteria include the histological features of TB, 6 it is essential to identify necrotizing granulomatous inflammation. Yum and Choi 33 showed that histological features are significantly associated with the TB-positive rate in pleural tissue biopsies (71.4% vs 15.8%). Jambhekar et al. 34 reported a good correlation between typical granulomas and PCR results. According to their findings, specimens with no granuloma have a 20% positive rate, whereas the presence of a granuloma results in 72.5% positivity (84.6% in well-formed granuloma cases). The histological findings were correlated with a higher PCR sensitivity, which increases in cases of necrotizing granulomatous inflammation and decreases in cases of nonspecific inflammation (65.5% vs 23.1%, respectively).
Thus, only one of these features increased the sensitivity. One other study 35 reported that specimens with a granuloma have a 2.8-times higher possibility of detecting bacilli than those without, and our data support this finding (11.6 times, 35.0% vs 3.0%).
Our data showed the highest sensitivity for specimens with necrosis but no granuloma. According to Nopvichai et al., 2 necrotizing non-granulomatous lymphadenitis had an overall PCR-positive rate of 28% (10 of 35) with a sensitivity of 33% compared to the culture results. Therefore, necrotizing specimens without granuloma are typically attributed to TB, so PCR should be performed in these cases. However, our results were limited to three culture-positive cases.
Among the 90 specimens from patients with positive culture results, 13 cases (14.4%) had no histological features of TB, which may have been due to differences between the specimens; however, three cases (1.7%) were PCR-positive. To explain these cases, a patient with TB may have had neither granuloma nor necrosis, or the patients could have had recurrent TB or were taking TB medications, which would suggest that Mycobacterium remain even when no histological changes are present.
Although the PCR sensitivity in selected patients was not high, we found that PCR was the best alternative to culture for detecting TB. The concordance rate between PCR and the histological findings was high, suggesting that typical histological findings can be used to identify Mycobacterium by PCR. In addition, the culture and the combination of PCR and the histological findings showed the highest concordance rate, so we can recommend that the histopathologic findings be added to help detect TB when the PCR result is negative.
Generally, the results of our study indicated that the IGRA was the most sensitive method to diagnose TB. Blood-based in vitro IGRAs have been developed as alternatives to the tuberculin skin test for identifying a TB infection. Previous data 36 revealed that the sensitivity and the specificity of IGRA in serum for diagnosing active TB are 80%-81% and 59%-79%, respectively. These authors reported that IGRA has a higher sensitivity than the tuberculin skin test, but it was not high enough to rule out TB because the NPV was not sufficiently high. In addition, its specificity was much lower, which is likely due to the inclusion of samples from patients with latent TB infections, which was a limitation in differentiating active from latent TB. Some limitations of this study should be mentioned. First, this was a retrospective study, so the data were limited. We did not assess the symptoms, history of medication use or radiological findings or correlate them with our results. No additional studies were performed, so the number of positive cases for the AFB stain was small. Second, the cultures were not performed on the same tissues that were used for the nested PCR because a culture study is not usually carried out on a tissue specimen; therefore, we could not determine the exact sensitivity and specificity of the PCR. Third, we did not evaluate the differences between adults and children or between immunosuppressed and nonimmunosuppressed patients.
In conclusion, PCR was a good alternative to detect TB, but it may not be sufficiently sensitive in selected patients. These results correlate with the histological features, suggesting that specimens with necrosis should be used to identify TB with PCR. IGRA was actually the most sensitive method, but it had a low specificity. To overcome the lower diagnostic sensitivity of PCR, large-sized tissue samples with typical histological changes detected in TB, a proper fixation time, care to reduce contamination, and tissue microdissection are required, as well as performing additional studies to detect MTB in samples without the IS6110 sequence and collecting histopathologic features. According to our data, the IGRA was also sensitive but had a low specificity, making it difficult to use to rule out TB. .
